Introduction
The 'Lockman Hole' is a region of very low Hi column density (Lockman, Jahoda & McCammon 1986 ) near 10 h 46 m , 58
• (J2000.0), and is an ideal region for deep observations at X-ray wavelengths, due to low absorption. As a consequence the field has also become a standard field for deep observing campaigns in the optical, infrared and radio. Deep infrared observations are available for an area of ≈ 14 deg 2 of the Lockman Hole region as part of the Spitzer Wide-area Infrared Extragalactic (SWIRE) survey (Lonsdale et al. 2003) . Parts of the Lockman Hole have also been observed in several deep X-rays surveys, including: (i) the Chandra Lockman Area North Survey (CLANS) and Chandra Large Area Synoptic X-Ray Survey (CLASXS), which cover ≈ 0.8 and 0.4 deg 2 centred near 10 h 46 m , 59
• 0 ′ and 10 h 34 m , 57
• 30 ′ respectively (Yang et al. 2004; Trouille et al. 2008; Wilkes et al. 2009) -and (ii) an XMM-Newton survey of ≈ 0.2 deg 2 centred near 10 h 52 m , 57
• 20 ′ (Hasinger et al. 2001; Brunner et al. 2008 ). Various radio observations have been made of portions of the Lockman Hole region, including very deep Very Large Array (VLA) and Giant Metrewave Radio Telescope (GMRT) radio surveys of parts of the CLANS, CLASXS and XMM-Newton X-rays survey regions (e.g. Ciliegi et al. 2003; Oyabu et al. 2005; Biggs & Ivison 2006 Owen & Morrison 2008; Owen et al. 2009; Ibar et al. 2009 ).
We have previously observed a central portion of the Lockman Hole field (Garn et al. 2008a , hereafter Paper I) at 610 MHz with the GMRT (see Rao 2002) . These observations covered ≈ 5 deg 2 in the middle of the Lockman Hole, with twelve individual pointings, which overlapped portions of the Chandra CLANS and XMM-Newton X-ray fields. These observations had a resolution of 6 × 5 arcsec 2 , at position angle +45
• , with a typical r.m.s. noise of ∼ 60 µJy beam
in the centre of the pointings. A catalogue of 2845 sources detected in the field was presented.
These observations were part of a series of relatively deep, wide field observations of several SWIRE fields, and of the Spitzer Extragalactic First Look Survey region (see Garn et al. 2007 Garn et al. , 2008b Garn et al. , 2009 ) .
Here we present further observations of the Lockman Hole field at 610 MHz with the GMRT. These observations are not as deep as those available for some areas of the Lockman Hole (see references above), but cover a further ≈ 8 deg 2 , completing coverage of the Chandra CLANS and XMM-Newton X-fields, and also covering the CLASXS field. The observations and their data reduction are described in Section 2, and the results -including details of the catalogue of 4934 sources -are presented in Section 3.
Observations and Data Reduction
The GMRT is an interferometer consisting of thirty 45-m antennas, twelve of which are arranged within a central ≈ 1 km × 1 km region, and the others in three arms giving baselines up to about 30 km. We observed 26 pointings in the Lockman Hole region on a hexagonal grid surrounding the 12 pointings observed in Paper I (see Fig. 1 ). These pointings were initially observed on 2006 July 16 and 17, but the first day's observations suffered from power outage in the eastern arm of the GMRT. Consequently further observations were scheduled on September 7, 8 and 12, but again power problems led to loss of some observing time, and a final observation session was scheduled on October 4. In total, ≈ 21 hours of data, including calibration observations, were obtained. The observations were made with two 16-MHz sidebands centred on 610 MHz, each of which was split in 128 narrow channels, with both left and right circular polarisations.
The observations consisted of interleaved scans of the different pointings, typically ≈ 6 min in duration, and observations of the nearby compact calibrator source J1035+564 every 30 min or so. The flux density calibrators 3C48 or 3C286 were observed at the beginning and end of each observing session. The data from each observing session were calibrated and processed using similar procedures to those described in Paper I. In summary: obvious interference and other problematic data were flagged; the flux scale was tied to 3C48 or 3C286, with assumed flux densities of 29.4 and 21.1 Jy respectively at 610 MHz; the observations of 3C48 or 3C286 were used to characterise the bandpass response of each antenna; the amplitude and phase stability of each antenna were calibrated from the short observations of J1035+564. After the calibrations were applied, the data were integrated into 11 channels of bandwidth 1.25 MHz, and some further flagging of bad data was made. The observations of each pointing, from all the different observation sessions, and both sidebands, were combined; typically each pointing was observed for 5 scans, i.e. a total of about 30 min. For each pointing Stokes I images were then synthesised using 31 smaller facets, arranged in a hexagonal grid. All images were synthesised with an elliptical restoring beam of size 6 × 5 arcsec 2 , PA +45
• (to match the images in Paper I), with a pixel size of 1.5 arcsec to ensure that the beam was well oversampled. The images went through three iterations of phase self-calibration at 10, 3 and 1 min intervals, and then a final iteration of phase and amplitude self-calibration, at 10 min intervals, with the overall amplitude gain held constant in order not to alter the flux density of sources. The self-calibration steps improved the noise level by about 10 per cent, and significantly reduced the residual sidelobes around the brighter sources. The final r.m.s. noise, before correction for the GMRT primary beam, varied considerably between pointings. In particular, in the west of the field there is the bright source 3C244.1 (see below), and the noise near this is increased, due to dynamic range limitations. (Indeed, in Paper I, the noise of the two northwestern inner pointings was also noted as being high, due to the proximity of these pointings to 3C244.1.) The noise in most of the pointings to the east is typically 80 µJy beam −1 , before primary beam correction. This is slightly higher than for the inner 12 pointings presented in Paper I, as expected due to the somewhat shorter integration time per pointing. The r.m.s. noise values in pointings in the west, particularly those close to 3C244.1 are considerably worse, by factors of up to about three. Both the inner and outer pointings were mosaicked together, with weighting appropriate to the relative noise of each pointing. The contribution to the mosaic was cut off at the point where the primary beam correction for each pointing dropped to 20 per cent, i.e. a radius of 32 arcmin from the centre of each pointings.
Results
The final mosaicked image is 13000 × 13000 pixel 2 , so is difficult to display in its entirety. A sample region in the outer eastern portion of the image is presented in Fig. 2 , to illustrate the quality of the imaging away from bright sources.
As noted above, in the western part of the Lockman Hole field there is the bright radio source 3C244.1 (e.g. Alexander & Leahy 1987; Gilbert et al. 2004) , an extragalactic FR type II source (Fanaroff & Riley 1974) which is about 1 arcmin in extent, with an integrated flux density of ≈ 10.5 Jy at 610 MHz (Fig. 3) .
A catalogue of radio sources was made in a way similar to that used in Paper I. An initial catalogue of sources within the 30 per cent primary response with a peak brightness of greater than six times the local noise was made using SExtractor (Bertin & Arnouts 1996) . Using the technique described in Garn et al. (2008b) , close to brighter (> 10 mJy peak) sources a more stringent cutoff of at least 12 times the local noise was applied. • 06 ′ , i.e. the region covered by the CLASXS X-ray survey. Column 1 gives the IAU designation of the source, in the form GMRTLH Jhhmmss.s+ddmmss, where J represents J2000.0 coordinates, hhmmss.s represents RA in hours, minutes and truncated tenths of seconds and ddmmss represents the Dec in degrees, arcminutes and truncated arcseconds. Columns 2 and 3 give the RA and Dec of the source, calculated using first moments of the relevant pixel brightnesses to give a centroid position. Column 4 gives the brightness of the peak pixel in each source, S peak , in mJy beam −1 , and Column 5 gives the local r.m.s. noise, σ, in µJy beam −1 . Columns 6 and 7 give the integrated flux density and error, S int and ∆S int , in mJy. Columns 8 and 9 give the X, Y pixel coordinates from the mosaic image of the source centroid. Column 10 is the SExtractor deblended object flag: (1) where a nearby bright source may be affecting the calculated flux, (2) where a source has been deblended into two or more components from a single initial island of flux and (3) where both of the above criteria apply. The final mosaic should be examined to check the cases where one extended object has been represented by two or more entries. Also, because of the limited dynamic range of the GMRT, the parameters of sources near bright sources should be treated with some caution.
The final mosaicked image and the catalogue of 4934 sources are both available online from http://www.mrao.cam.ac.uk/surveys/, along with the results of our other GMRT surveys of various SWIRE fields and the Spitzer Extragalactic First Look Survey region. 
